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ANALYSIS  AND  CORREIATION  OP 
UNDERWATER  EXPLOSION  DATA  AT  NOL 


Ry: 

Donald  E.  Phillips 


ABSTRACT:  The  methods  used  in  acquiring,  analyzing,  and  correlating  data  from 
underwater  explosion  tests  are  discussed.  These  Include  preliminary  tests  of 
small  (l-Lb)  charges  of  nev  compositions  using  diaphragm  gages,  and  tests  of 
larger  charges  using  more  elaborate  instrumentation.  Methods  for  computing  equal 
weight  and  equal  volume  ratios,  and  for  computing  equivalent  weights,  are  pre¬ 
sented.  The  possible  variation  of  these  values  with  distance  will  be  discussed, 
and  methods  of  making  estimates  from  limited  data  vlll  also  be  given. 
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Analysis  and  Correlation  of  Underwater  Explosion  Data  at  NOL 

This  report  eunnarizss  nany  of  the  aspects  of  the  methods  used  at  BDL  to 
analyze  and  correlate  underwater  explosion  shock  nave  data,  the  ultlaate  goal 
being  the  evaluation  of  new  explosives  for  use  In  Havy  weapons.  It  is  a  slightly 
expanded  version  of  a  paper  of  the  same  title  presented  at  the  Ifcnel  0-2  meetings 
of  TTCP,  held  8-12  Sep  1969,  at  the  Explosives  Research  Development  Establishment, 
Waltham  Abbey,  Essex,  England.  Preparation  of  the  paper  and  report  were  per¬ 
formed  under  ORETASK  ORD  332  006  092-l/UF  17  35^  304,  Explosives  U/v  Research 
and  Technology. 
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1.  Introduction 

The  assessment  of  the  underwater  performance  or  output  of  a  new  explosive 
composition  Is  of  utmost  Importance  in  determining  its  suitability  for  use  in 
Navy  weapons.  Depending  on  its  Intended  use,  this  assessment  is  made  in  various 
forma,  such  as  equal  weight  or  equal  volume  ratios,  or  expressed  in  terms  of 
an  equivalent  weight  of  some  standard  high  explosive,  usually  KBX-1  or  Pentollte. 

These  various  methods  are  often  used  with  the  results  appearing  only 
as  a  number  (Explosive  X  Is  so  much  better  than  HBX-1 ).  The  manner  In  tfcich 
this  number  is  arrived  at,  however,  is  not  well  known,  n0r  are  its  limita¬ 
tions-.  It  Is  the  purpose  of  this  paper  to  sunmarize  these  various  assessment 
procedures,  to  derive  the  necessary  equations,  and  to  show  the  possible  depen¬ 
dence  of  such  values  on  distance  from  the  charge.  Methods  of  data  gathering 
and  analysis  will  also  be  discussed. 

2.  Background 

In  the  development  of  a  new  explosive  composition,  initial  underwater 
tests  are  usually  made  with  1-lb  charges,  using  diaphragm  gages  to  determine 
the  underwater  performance  (see  Figure  1;.  This  method  is  used  for  several 
reasons.  First,  it  requires  relatively  small  amounts  of  explosive,  tdiich  for 
new  compositions  can  be  quite  expensive.  Second,  a  large  number  of  compositions 
can  be  rapidly  evaluated,  as  both  the  rate  of  firing  and  rate  of  analysis  are 
quite  high.  Use  of  such  a  test  procedure,  however,  has  Its  limitations.  Initia¬ 
tion  problems  for  small  charges,  especially  insensitive  compositions,  can  give 
erroneous  results.  Also,  the  diaphragm  gage  measures  only  one  shock  wave  para¬ 
meter,  the  energy  flux  density.  Other  important  parameters,  such  as  peak 
pressure,  time  constant,  and  impulse  are  not  measured.  Finally,  measurements 
are  made  at  only  one  distance,  which,  if  a  dependence  on  distance  exists,  can 
be  somewhat  misleading  if  attempts  are  made  to  apply  these  results  beyond  the 
purpose  for  which  they  were  Intended. 

Firing  of  1-lb  charges,  if  the  data  are  properly  used,  thus  serves  as  a 
valuable  screening  procedure.  It  also  has  considerable  value  in  studying  the 
detonation  chemistry  of  new  explosives  (such  as  in  studies  of  boostering  and 
charge  density)  and  in  studies  of  various  enhancement  techniques  (such  as  charge 
separation).  However,  it  is  beyond  the  scope  of  this  paper  to  discuss  these 
in  any  detail. 

Once  an  explosive  shovB  promise  in  such  programs,  larger  charges  are  fired 
and  more  detailed  shock  wave  measurements  obtained.  Charge  weights  may  vary 
from  10  lb  up  to  actual  warhead  size,  perhaps  as  great  as  1000  lb.  For  these 
teats,  pieozoelectric  gages  are  used  to  obtain  pre satire -time  histories  at 
several  distances  frcm  the  explosive  charge.  A  typical  charge-gage  rig  is 
shown  in  Figure  2.  Recording  is  accomplished  using  either  oscilloscopes  where 
the  trace  is  recorded  photographically,  or  magnetic  tape  recorders.  Generally 
gages  are  located  at  reduced  distances  (wV3/r)  ranging  from  0.72  to  0.072 

lb^^/ft.  This  corresponds  to  pressure  levels  of  from  about  16,000  psi  to 
1200  psi. 
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3.  Datd  Analysis 

3.1  Record  Analysis.  The  pres  sure -tine  records  are  analyzed  for  values 
of  peak  pressure,  time  constant,  impulse,  and  energy  flux  density  using  a  high 
speed  digital  computer.  If  the  recordings  are  made  on  magnetic  tape,  the  PM 
records  are  digitized  electronically.  Film  records  are  digitized  using  a 
Telereadex  x-y  film  reader.  The  computer  program  extrapolates  the  pressure- 
time  curve  back  to  zero  tine  to  obtain  the  true  peak  pressure.  A  best  line 
through  the  log  pressure  y8  time  data  is  obtained  (using  the  method  of  least 
squares)  over  a  range  of  approximately  one  time  constant  (i.a.,  0  <  t  *  ft) 

as  Illustrated  in  Figure  3*  The  true  peak  pressure  represents  the  t  ■  0 
Intercept  of  this  line;  the  time  constant  is  the  negative  reciprocal  of  the 
slope  of  the  line.  The  initial  time  t  ■  0  is  determined  using  one-half  the 
rise  time  of  the  trace*  Hie  computer  program,  developed  by  R.  3.  Price  of 
NOL,  exercises  considerable  discrimination  in  the  selection  of  valid  data 
points  used  in  the  fitting  so  as  to  minimize  the  effect  of  gage  overshoot-  and 
noise.  Impulse  and  energy  flux  density  are  computed  by  summing  values  of  average 
pressure  (or  pressure  squared)  multiplied  by  At,  uhere  At  is  the  time  interval 
between  successive  data  points.  This  is  illustrated  In  Figure  4.  For  each 
record,  about  40  data  points  are  used  in  obtaining  the  fitted  line  and  approxi¬ 
mately  150  points  are  used  to  determine  impulse  and  energy  flux. 

The  program,  it  should  be  stated.  Is  a  "working  model".  It  is  subject  to 
change  as  needs  arise  or  as  analytical  methods  change.  One  improvement  cur¬ 
rently  desirable  is  some  mathematical  "goodness -of- f it "  indication,  such  as  the 
standard  deviation  (in  percent)  of  the  pressure  data  -fvnm  the  best  straight  line. 

3.2  Similitude  Equations.  Based  on  several  years  of  gathering  experi¬ 
mental  data,  it  has  been  found  that  these  parameters  can  conveniently  be  expressed 
as  functions  of  weight  and  distance  by  means  of  similitude  equations.  The 
general  forme  of  these  equations  are  (reference  a): 


Peak  Pressure: 

Pm 

V-4-/  •*' 

-cp<V>  p 

(1) 

Time  Constant: 

e 

■  <>.  «1/3  <*¥> 

a0 

(2) 

Energy  Flux  Density: 

E 

*  ce  «l/3  <^> 

°E 

(3) 

Impulse  : 

1 

■  ci  «1/3 

>■* 

(4) 

vhere: 

peak  pressure,  psi 
6  *  time  constant,  msec 
E  *  energy  flux  density,  in-lb/in^ 

*The  rise  time  of  the  trace  is  defined  as  the  time  interval  between  the  trace 
leaving  the  baseline  and  the  maximum  pressure  being  obtained. 
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I  ■  impulse,  pal-sec 
V  -  charge  weight,  lb 

R  *  distance  car  standoff  from  the  charge,  ft 

C  -  coefficient  characteristic  of  a  particular  explosive 

a  -  exponent  of  the  similitude  equation,  also  in  general 
characteristic  of  a  given  explosive 

(  subscripts, (P,  9,  G,  l)refer  to  the  appropriate  parameter). 

For  a  given  experimental  program,  similitude  equations  are  also  obtained 
using  the  digital  computer  by  applying  least  squares  fits  to  the  experimental 
data.  Because  the  data  sample  is  small  (perhaps  only  four  shots  of  each  explosive 
having  been  fired),  these  are  not  the  similitude  equations  for  a  given  explosive 
and  are  not  in  themselves  intended  for  use  in  damage  studies.  Bather,  they 
form  the  basis  from  itiich  the  various  comparisons  are  subsequently  made..  Gener¬ 
ally,  the  fits  are  made  in  reduced  form  of  the  similitude  equations 

using  values  of  PB,  e/w1/3,  1/tf1/3,  and  s/w1/3  to  facilitate  comparisons  where 
weights  are  unequal,  and  for  future  use  in  developing  final  similitude  equations 
for  a  composition  utilizing  data  from  several  charge  weights. 

4.  Correlation  of  Data 

Once  the  pressure-time  records  have  been  analyzed  for  the  shock  wave 
parameters  and  the  similitude  equations  obtained,  the  manner  in  which  these 
parameters  are  used  to  compare  the  output  of  the  new  explosive  relative  to  the 
standard  depends  on  the  intended  use  of  the  composition.  It  should  be  noted 
that  these  comparisons  are  made  relative  to  data  from  standard  charges  fired 
In  the  seme  series,  and  not  from  the  absolute  similitude  equations  available 
for  the  standard,  such  as  those  in  Reference  (b).  The  most  generally  used  compar¬ 
isons  are: 

1)  Equal  Weight  Ratio:  The  ratio  of  the  outputs  with  respect  to 
a  particular  parameter  (peak  pressure,  time  constant.  Impulse,  or 
energy  flux  density)  for  equal  weights  of  tvo  explosives  at  the  same 
distance.  (This  Is  of  interest  in  the  design  of  veigit-limited  weapons.) 

2)  Equal  Volume  Ratio:  The  ratio  of  out  juts  with  respect  to  a 
particular  parameter  for  equal  volumes  of  tvo  explosives  as  measured 
at  the  same  distance,  ('nils  is  of  Interest  in  the  design  of  volume- 
limited  weapons . ) 

3)  Equivalent  Weight  Ratio:  The  ratio  of  weights  of  two  explosives 
required  to  produce  the  same  magnitude  of  a  particular  parameter  at 
the  same  distance. 

4.1  Computation  of  Equal  Weight  Ratios.  Equal  weight  ratios  describe  the 
change  of  a  given  shock  wave  parameter  of  a  nev  explosive  compared  with 
the  standard  explosive,  for  charges  having  the  same  weight.  It  is  the  ratio. 


i 

* 


3 

URCIASSIFIED 


UHQA88OTED 
HOLIER  69-192 

for  example,  of  the  peak  press wo  Matured  from  tn  experimental  charge  to  that 
Matured  fro*  the  standard,  both  at  the  aaM  range  and  of  the  mm  weight. 

If  h..  refers  to  the  equal  Height  ratio,  then 


’Vd(P)  "  Iff} 

(5) 

“We )  "Iff} 

(6) 

Vi)  ■  iff} 

(7) 

We)  ‘  iff} 

(8) 

V(x)  -  W(s)  -  W 

(9) 

R(x)  -  R(s)  -  R 

(10) 

(the  subscript  s  refers  to  the  standard  explosive,  the  subscript  x  refers  to  the 
experimental  explosive) 


If  the  exponents  of  the  similitude  equations  for  the  two  explosives  are  not 
the  same,  no  single  value  of  equal  weight  ratio  can  be  computed,  ae  the  ratio 
le  then  e  function  of  weight  and  distance.  This  can  be  shown  by  substituting 
the  right  hand  sides  of  the  similitude  equations  for  the  experimental  and 
standard  explosives  In  Equation  (5).  Tor  peak  pressure: 


p«(x)  ’  cr(x) 

V*>  ‘  cp(.) 


( 


W(x)1/3'  ®P(x) 

R(xP 

<*f$>  “*•> 


Using  Equations  (9)  and  (10)  for  weight  and  distance  and  the  above  two  equations, 
the  following  relationship  far  the  equal  weight  ratio  is  obtained: 

.  .  .  hUl .  £“«*>  -  “p(.))/3.  „°p(.)  -  «*«>  (11) 

P)  V#)  CP(.) 

The  farm  of  the  equations  for  energy  flux  density,  time  constant,  and 
impulse  will  be  the  same  as  Equation  (ll),  only  the  subscripts  being  different. 
Thus  for  energy  flux,  for  example: 


*\m(e) 


5 Lai 

°e(.) 


w(aE(x)  ■  °E(.))/3  .  „«*(.)  -  “*(*) 


(12) 
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Equation  (ll)  ah ova  a  dependence  of  the  equal  veight  ratio  on  both  charge 
veight  and  distance.  However,  as  was  mentioned  in  Section  2 ,  far  different 
charge  weights,  measurements  are  made  at  the  same  reduced  distance,  not  at 
the  same  distance.  Returning  to  equations  (l)  and  (5),  it  can  be  seen  that, 
at  the  same  reduced  distance,  the  magnitudes  for  each  explosive,  and  thus  the 
equal  veight  ratio,  will  be  the  same  regardless  of  charge  veight.  Thus,  from 
a  practical  standpoint,  the  Important  variation  in  the  equal  weight  ratio  is 
with  distance. 


°P 


>, 


If  the  exponents  of  the  two  similitude  equations  are 
then  Equation  (ll)  reduces  to: 


(aP(x)  ■  Op(.)  ■ 


(13) 


Likewise,  the  equal  weight  ratios  for  the  other  parameters  can  be  expressed  as 
ratios  of  the  coefficients  of  the  similitude  equations,  if  the  exponents  of 
the  two  similitude  equations  are  the  same. 

4.2  Computation  of  Equal  Volume  Ratios.  The  equal  volume  ratio,  as  the 
name  implies,  refers  to  the  changed  output  obse^ed  in  a  particular  parameter 
from  an  experimental  explosive  relative  to  a  standard  explosive,  both  charges 
having  the  same  volume.  Such  a  comparison  has  been  of  considerable  interest 
in  recent  years  as  many  of  the  new  weapons  systems  are  volume  limited  in  the 
amount  of  explosive  they  can  carry.  Thus,  letting  D,.^  indicate  the  equal 
volume  ratio. 


where : 


°Vd(P)  =  pfsj 

(x)  =  V(s)  (=  volume,  ft^) 
(x)  =  R(s) 


(14) 


Equations  for  the  other  shock  wave  parameters  similar  to  (6),  (7),  and  (8) 
can  also  he  developed  for  the  equal  volume  ratio,  lhe  similitude  equation  can 
be  expressed  as  a  function  of  volume  by  replacing  W  with  pV.  Thus 


P(x) 


'P(x) 


(iSs£!l)  *w.> 


where:  p  =  experimental  density,  lb/ft^ 

For  non-equal  exponents,  equations  similar  to  (ll)  and  (12)  can  be  developed. 


Thus : 


^(P) 


.*>00  •  oUl^M73  •  pU)'^')73-  v(cip<*>'ai’<s>>/3-  (15) 


-p(.) 
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„  5slii<,(*/’^U))/5.  p(>)-(l*aE(.))/3.v(ai(xraE(.))/3.  jfrsM-'iW  (U) 

^d(E)  CE^g) 


For  time  constant  and  Impulse,  equations  of  the  form  of  (16)  sure  obtained. 
If  the  exponents  are  equal,  these  reduce  to: 


(17) 

(18) 


Equations  for  the  equal  volume  ratios  far  time  constant  and  Impulse  will 
have  the  same  form  as  Equation  (l8).  It  Is  Interesting  to  note  the  relationship 
between  the  equal  weight  and  equal  volume  ratios  If  the  exponents  are  the  same. 
Comparing  Equation  (13)  and  (17),  It  can  be  seen  that  the  equal  volume  ratio 
Is  equal  to  the  equal  weight  ratio  multiplied  by  the  ratio  of  densities  raised 
to  an  exponent.  Such  a  relationship  Is  of  Importance  If  It  is  necessary  to 
compute  one  ratio  from  the  other. 

4.3  Computation  of  Equivalent  Weight .  It  is  often  useful  to  the  engineer 
or  designer  to  have  the  comparison  made  in  terms  of  the  weight  required  to 
produce  the  same  magnitude  in  a  particular  parameter.  This  Is  referred  to  as  the 
equivalent  weight,  Which  for  a  given  shock  wave  parameter  expresses  the  number 
of  pounds  of  a  standard  explosive  required  to  give  the  same  magnitude  of  that 
parameter  at  the  same  range  as  does  a  given  weight  of  experimental  explosive. 


Letting  refer  to  the  equivalent  weight  ratio,  then 


W 


-  WH 

Dd(P )  "  W(x) 


(19) 


for  P(s)  =  Pw(x)  =  P  (20) 

in  m  m 

R(s)  »  R(x)  =  R  (21) 

Likewise,  W  's  can  be  expressed  for  equal  values  of  0,  I,  and  E.  Inserting  the 
right  sides1”  of  the  similitude  equations  for  P_(s )  and  P  (x)  in  Equation  (20) 

mm 

and  solving  for  W(s),  the  following  relationship  is  obtained: 


Peak  Pressure: 

w(a)  * 


cP(xK  ^ 

cr(.) 


3(1 .  ^Lsl-, 
°p(.) 


(22) 
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Energy  flux  density: 


V(.)  -  (^)  1+0e(>)  • 


3(qE(»)"  QE(x)) 

,  1  +aE(s) 


'E(s) 


W(x) 


1<a»(x) 

ltaB(>) 


(23) 


(For  Impulse  end  time  constant,  vhe  Shore  form  of  the  equation  Is  also  obtained, 
only  the  subscripts  being  different.) 


For  equal  exponents,  these  equations  reduce  to: 

Peak  pressure: 

W(«)  -  (s2^)  •  *(*)  (2*0 

CP(.) 

Energy  flux  density: 

C  3/fl+O^ 

W(s)  -  (m^)  *  V(x)  (25) 

CE(s) 

(Again,  time  constant  and  impulse  have  the  same  form  as  Equation  (25).) 

For  the  case  of  equal  exponents,  11  should  be  noted  that  the  equivalent 
weight  ratio  Is  equal  to  the  equal  weight  ratio  raised  to  an  exponent. 

5*  Estimates  of  Variability 

We  have  attempted  in  Section’  U  to  define  the  various  comparison  methods 
and  to  show  that,  if  non-equal  exponents  exist  between  the  similitude  equations 
for  the  two  explosives,  these  ratios  will  vary  with  distance.  The  engineer 
or  weapons  designer,  however,  is  not  interested  in  such  complex  relationships. 

He  needs  a  single  value  which  tells  him  how  much  better  one  explosive  is  than 
another.  An  average  value  for  each  parameter,  obtained  over  the  range  of  dis¬ 
tances  for  which  measurements  were  obtained,  appears  to  best  answer  his  needs, 
except  possibly  in  rare  design  problems  where  the  designer  is  trying  to  optimize  a 
system  for  a  particular  pressure  or  distance  level.  In  such  instances  the 
appropriate  values  should  be  used  instead  of  the  average  over  the  range  of 
measurements.  It  is  important  in  using  an  average  to  realize  its  limitations, 
a  precaution  that  is  often  neglected  or  misunderstood. 

To  see  how  much  variability  migh  occur  in  such  an  average,  let  us  consider 
the  effect  of  a  five  percent  difference  in  exponent  for  the  two  similitude 
equations  for  each  parameter.  This  seems  to  be  a  reasonable  estimate  as  differences 
of  this  magnitude  have  been  observed  in  experimental  programs.  It  may  possibly 
be  low  for  the  time  constant,  where  exponents  from  -0.l8  to  -0.29  have  been 
observed  (a  difference  of  4-5  percent)  (references  b  and  c). 

The  computations  were  made  using  the  similitude  equations  for  HBX-1  as 
given  in  reference  (b)  for  the  standard,  and  increasing  these  exponents  by  five 
percent  for  the  experimental  explosive.  The  exponents  used  then  are: 
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*?(*)  "  1,15  "P(x)  "  1,21 

a*(s)  *  "0<29  aft(x)  •  -0.305 

°l(.)  '  °’85  «l(x)  *  °*9X 

^(s)  *  2,00  ,  °E(x)  "  2,10  , 

o(s )  -  107  lb /ft 3  o(x)  -  118  lb /ft5 

fable  1  shove  the  percentage  change  In  the  various  ratios  over  the  range 
of  reduced  distances  discussed  in  Section  2.  Rote  that  both  peak  pressure  and 
energy  flux  density  shov  the  greatest  variation.  What  this  table  says,  for 
instance,  is  that  based  on  peak  pressure,  the  equivalent  weight  ratio  will  shov 
a  difference  of  29  percent  betveen  that  needed  to  produce  the  required  magnitude 
at  the  position  vhere  the  curves  are  matched  and  that  needed  at  another 
position  vhere  the  exponents  have  caused  the  curves  to  diverge,  for  the  same 
weight  of  experimental  explosive. 

TABLE  1 

Percentage  Change  in  Ratios  for  a  Five  Percent  Change  in  Similitude  Exponent* 


Parameter 

°Wd 

V" 

VDd 

Peak  Pressure 

13 

1  5 

29 

Time  constant 

4 

1 

16 

Impulse 

9 

3 

14 

Energy  Flux  Density 

20 

8 

20 

The  variation  shown  in  Table  1  far  the  equal  volume  ratio  is  somewhat 
misleading  in  thav,  as  can  be  seen  in  Equations  ( 15 )  and  (l6),  the  difference 
in  exponent  affects  density  as  veil  as  distance.  For  the  particular  example 
chosen,  the  affect  on  density  tended  to  cancel  the  effect  on  distance,  so  that 
somewhat  smaller  variations  were  obtained.  That  there  is  a  combined  effect, 
however,  should  be  kept  in  mind. 

6.  Future  Plans 

The  Increased  use  of  the  digital  computer  has  been  illustrated  in  this 
discussion,  as  evidenced  by  its  use  in  the  analysis  of  the  pressure-time  records, 
in  the  fitting  the  resulting  data  to  obtain  the  similitude  equations,  and  in 
correlating  the  results.  Currently,  a  computer  program  is  being  developed 
which,  taking  the  basic  information  such  as  peak  pressure,  time  constant,  etc., 
obtains  the  required  similitude  equations  and  computes  the  various  ratios  dis¬ 
cussed  in  this  paper.  It  rejects  bad  data,  gives  estimates  of  the  goodness 

*  Calculated  ovei  a  range  of  reduced  distances  from  0.72  to  0.C72  lbX^Vft. 

**  Density  increase  of  10  percent  assumed. 
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of  fit,  and  computes  variations  in  the  ratios.  While  the  mathematical  methods 
used  are  straight forward,  use  of  the  computer  will  greatly  reduce  the  amount 
of  time  necessary  to  make  such  computations,  allowing  more  complete  comparisons 
to  be  made  and  malting  the  results  available  much  more  rapidly  than  had  previously 
been  possible. 

Currently,  the  largest  problem  is  the  digitization  of  the  oscilloscope 
recorded  pressure-time  records,  which  still  represent  the  bulk  of  the  records 
obtained  at  NOL.  Using  the  Telereadex,  an  experienced  operator  can  digitize 
about  four  shots  (48  records)  per  day.  While  this  is  a  vast  improvement  over 
completely  manual  methods,  it  barely  allows  the  analysis  to  keep  up  with  the 
firing.  Operator  fatigue  and  scheduling  problems  for  the  machine  permit  only 
about  three  days  a  week  of  Telereadex  time,  or  about  12  shots  per  week.  Firing 
of  3  to  5  shots  per  day  is  not  uncommon  when  small  charge  weights  are  used. 


There  are  two  possible  solutions  to  this  problem,  both  expensive.  One  is 
the  procurement  of  a  magnetic  tape  recorder  having  sufficient  frequency  response 
for  use  with  small  charges,  thus  eliminating  the  need  for  manual  digitization. 
NOL  is  in  the  process  of  purchasing  such  a  recorder;  however,  it  will  be 
available  only  on  a  limited  basis  for  our  regular  testing  programs.  Therefore, 
in  the  event  that  this  recorder  will  not  be  able  to  keep  up  with  the  data 
acquisition  rate,  we  are  surveying  the  market  far  machines  that  can  increase 
our  speed  of  digitizing  the  film  records  and  reduce  operator  fatique. 


7.  Sumoary 

We  have  attempted  to  show,  at  least  briefly,  how  new  explosives  for  possible 
underwater  use  are  evaluated  at  NOL.  Data  collection,  analysis,  and  correlation 
have  been  discussed.  We  have  also  tried  to  show  how  the  increased  use  of  computers 
in  the  analysis  and  correlation  of  data  from  underwater  explosion  measurements 
has  greatly  increased  our  ability  to  b'uidla  and  correlate  explosion  data.  Further 
improvements  in  our  techniques  undoubtedly  will  follow  as  increased  use  of  the 
computer  continues . 

It  has  been  shown  that  the  various  methods  of  comparing  the  free  water 
output  of  new  composition,  while  useful,  must  be  applied  with  caution,  as  it 
is  iikely  that  the  correlation  varies  with  distance.  While  it  is  helpful  to 
give  the  engineer  or  weapons  designer  a  single  number  with  which  to  work,  that 
this  number  may  vary  by  as  much  as  30  percent  (depending  on  the  range  of 
interest)  has,  in  the  past,  not  been  fully  appreciated. 


9 

UNCLASSIFIED 


NOLTR  69-192 


11 


FIG  .  2  TYPICAL  LARGE  CHARGE  GAGE  ARRAY 


FITTED  CURVE 


FIG.  3  METHOD  FOR  DETERMINING  Pm 
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FIG .  4  METHOD  FOR  COMPUTING  IMPULSE  AND  ENERGY 
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